The composition of 50 samples of essential oil of individual plants of Juniperus phoenicea subsp. turbinata from Corsica was investigated by GC, GC}MS and C NMR. -Pinene, -phellandrene, -terpinyl acetate, -3-carene, myrcene and -phellandrene were found to be the main constituents. The results were submitted to cluster analysis and discriminant analysis which allowed two groups of essential oils to be distinguished with respect to the content of -pinene, -phellandrene and -terpinyl acetate.
Introduction
The genus Juniperus consists of approximately 60 species growing in the Northern Hemisphere and divided into three sections: Caryocedrus, Juniperus ("Oxycedrus) and Sabina, the third being the most important one which comprises Juniperus from Corsica and to investigate if chemical variability occurred on the well-delimited territory of the island. We planned to collect individual plants from locations covering the geographic range of J. phoenicea subsp. turbinata in Corsica.
Materials and methods

Plant material
J. phoenicea subsp. turbinata grows wild in di!erent locations in Corsica as reported by Paradis (1991) . In order to study the chemical variability of leaf oils in a delimited area with constant pedoclimatic conditions, we collected 10 samples of single plants in the three most important stations ( Fig. 1) : Barcaggio (samples 1}10), Bonifacio (11}20), Ajaccio (21}30). Twenty samples were collected in the other locations ( Fig. 1) : Porto-Vecchio (31}38), Campomoro (39}43), west side of Cape Corsica (44}50). So, all the locations were investigated.
Sampling and leaf essential oils
Leaves were collected from many parts around and at di!erent heights of the plants during the period of May}September, 1998 and submitted to hydrodistillation for 3 h using a Clevenger-type apparatus. Essential oil yield, ranged between 0.1 and 0.7% (w/w, from fresh material).
GC, GC/MS and Carbon-13 NMR analyses
Analytical GC: GC analysis was performed using a Perkin-Elmer Autosystem apparatus equipped with two #ame ionization detectors (FID), and fused capillary columns (50 m;0.22 mm i.d., "lm thickness 0.25 m), BP-1 (polydimethylsiloxane) and . The oven temperature was programmed from 60 to 2203C at 23C/min and then held isothermal (20 min); injector temperature: 2503C (injection mode: split 1/60); detector temperature: 2503C; carrier gas: helium.
GC/MS: GC}MS was performed with a Hewlett-Packard 6890 gas chromatograph, equipped with a polydimethylsiloxane fused-silica column (30 m;0.25 mm i.d., "lm thickness 0.25 m, HP19091Z-433.) interfaced with a Hewlett-Packard mass selective detector 5973 operated by HP Enhanced ChemStation software, version A.03.00. The oven temperature was programmed from 70 to 2203C at 33C/min and then held isothermal (15 min); injector temperature: 2503C; carrier gas: helium, adjusted to a linear velocity of 30 cm/s; split 1/40; interface temperature: 2503C; MS source temperature: 2303C; MS quadrupole temperature: 1503C; ionization energy: 70 eV; ionization current: 60 A; scan range: 35}350 u; scans/s: 4.51. 
Identixcation of components
C NMR was carried out on the whole sample, without previous separation of the components, following the pioneering work done by Forma`cek and Kubeczka (1982) and according to an experimental procedure and a computerized method developed in our laboratory (Tomi et al., 1995) . The components were identi"ed by comparison of the values of the carbon chemical shifts in the mixture spectrum with those of reference spectra compiled in a computerized data bank. Each compound is identi"ed by taking into account three parameters, directly available from the computer program, (i) the number of observed signals with respect to that expected, (ii) the di!erence between the chemical shift of each signal in the mixture and in the reference ( ), (iii) the number of overlapped signals of carbons belonging to two components which possess fortuitously the same chemical shift. GC: The components were identi"ed by comparison of their retention indices on polar and apolar columns with those of authentic samples. Retention indices were determined relative to retention times of a series of n-alkanes with linear interpolation (`Target Compoundsa software from Perkin-Elmer). The relative proportions of the essential oil constituents were expressed as percentages obtained by peak-area normalization and no correcting factor has been applied. GC/MS: Identi"cation of the individual components was made by comparison of the acquired spectra with corresponding data from authentic samples or with literature data (Joulain and KoK nig, 1998; McLa!erty and Stau!er, 1989 ) after a preliminary computer matching into a commercial mass spectra library.
Data analyses
The data were processed by Cluster Analysis using hierarchical clustering (Ward's technique and Euclidean distance measure) and were submitted to Discriminant Analysis, using the xlSTAT-Pro software (Thierry Fahmy, France).
Results and discussion
Fifty samples of essential oil obtained from plant material were analysed by GC, GC/MS and carbon-13 NMR. Sixty-one components accounting for 95.1 to 95.9% of the total oil were identi"ed (Table 1) . Thirty components over 0.4% representing from 80.3 to 95.8% of the whole chemical composition were taken into account for statistical analysis. The dendrogram (Fig. 2) suggested the existence of two clusters (clusters I and II). Discriminant analysis (DA) (Figs. 3 and 4) con"rmed this clustering and the two-dimensional axial system originated in the DA distinguished the di!erent types of essential oils based on the contents of -pinene, -phellandrene and -terpinyl acetate.
The essential oils of cluster I (40% of the samples) are characterized by a high content of -pinene (mean 58.7%, S.D."9.2) (Fig. 5) . The chemical composition of samples of cluster II (60% of the samples) is characterized by the weakest content of -pinene (mean 33.0%, S.D."5.6) and a signi"cant content of -phellandrene (mean 21.1%, S.D."4.1) and -terpinyl acetate (mean 8.2%, S.D."4.6) (Fig. 5) . So, the leaf oils of J. phoenicea subsp. turbinata from Corsica exhibit a chemical variability with two clear composition patterns: -pinene and -pinene/ -phellandrene/ -terpinyl acetate. Both composition patterns are present in all the stations with di!erent ratios although no relation between the composition of the oils and the habitat can be established. For instance, samples from Barcaggio and Ajaccio stations exhibit a ratio of cluster I/cluster II"1/9 while samples from from Porto-Vecchio have a repartition of cluster I/cluster II"7/1 although all these plants grow on sands (coastal foredunes). Conversely, samples from Bonifacio are equally distributed in the two clusters (cluster I/cluster II"5/5), all plants occurring on cli!s. The compositions of two representative samples belonging to clusters I and II, respectively, are reported in Table 1 .
The mean chemical composition determined for cluster II is close to those reported for oils of subspecies turbinata from Spain and Portugal (named eu-mediterranea in the Order of elution and percentages of individual components are given in BP 20 column. Correct epimer not identi"ed.
last case) (Adams et al., 1996) . The mean chemical composition of the samples belonging to cluster I ( -pinene-rich oils not yet reported for J. phoenicea subsp. turbinata) is close to those reported for J. phoenicea (sensu stricto) oils from Greece and Spain (Adams et al., 1996) and for J. phoenicea (subspecies not speci"ed) oils (Gil de Meister and Ho!man, 1956; Banthorpe et al., 1973) . These results can be explained as follows. If only the subspecies turbinata occurs in Corsica, then this taxon exhibits chemical variability. However, from our results, we cannot exclude the presence of two subspecies growing in the same habitat and insu$ciently di!erentiated by botanical features.
